The objective of this work was to study the effects of wheat flour dough's viscoelastic level by adding glucose oxidase (Gox) on its rheological properties at dynamic shear strain mode to predict the final product quality. Dough does display a linear viscoelastic domain. Glucose oxidase (Gox) was added to dough in order to enhance its viscoelasticity and to take into account the possible effects of this viscoelasticity on the results. Whatever the types of dough strain used G' increased, tan δ decreased and led to less sticky dough. Wheat flour dough, an increase in G' with extension may be associated to a strain-hardening phenomenon but the role of dough viscoelasticity is discussed.
INTRODUCTION
The rheological properties of a dough change greatly at breadmaking process. Because those changes can have significant effects on the machinability of the dough and the quality of the final product, accurate assessment of dough texture has spawned a great deal of several researches the last few years. Viscoelastic properties of bread dough greatly depend on the gluten proteins. The oxidation proteins reaction on bread dough induces the formation of a protein network with improved viscoelastic and structural properties, and therefore, betters performance for breadmaking (Wikström and Eliasson, 1998; Fayle et al., 2000) . Enzymes are used in breadmaking with the objective of optimizing dough properties and improving the quality and conservation of the end product. The use of enzymes instead of chemical oxidants is a very interesting option to improve breadmaking performance of dough, because they are perceived as natural and non-toxic food components. Glucose Oxidase (GOX) (EC 1.1.3.4) catalyses the oxidation of β-D glucose to gluconic acid and hydrogen peroxide. It is the mechanism by which Gox improves bread quality. Diverse authors (Rosell et The rheological properties of wheat flour dough are largely governed by gluten. Gluten, the protein phase of flour, also has the ability to form a continuous macromolecular network, provided enough water for hydration exists, and sufficient mechanical energy is supplied during mixing. This independent source of dough viscoelastic behavior and its possible interaction make rheological properties of wheat flour doughs difficult to interpret. An attempt is made to uncouple these sources of viscoelastic behavior by careful evaluation of the effect of dough viscoelastic level by adding glucose oxidase on the dough dynamic shear properties. So knowledge of flour dough rheology and its evolution during various stages of breadmaking can help to improve its performance processes and thus bread quality. Several methods are often used to characterize wheat flour dough rheology depending on the dough viscoelastic nature.
MATERIALS AND METHODS

Ingredients and sample dough mixing
Wheat flour obtained from Groupe Soufflet was used without any chemical or proteins supplementation. It contained 12.3 wt.% water, 11.6 wt.% protein and 0.58 wt.% ash (moist basis). It was stored in a freezer at −20°C and then at 4°C for 1 to 3 days before use. Basic dough formula (on flour basis) consisted of 2.0 wt.% salt, 1.62 wt.% glucose, 51.96 wt.% water and 0.75 wt.% glucose oxidase (only for dough with Gox. It could be used 48 hours after preparation). The ingredients were weighed and placed in sealed boxes in a refrigerator at 4°C during the night before the test.
A dough at 41.3 wt.% water (total water moist basis), also containing 0.2 g of salt and 0.162 g of glucose was prepared with a Mixograph (5 min mixing at 85 rpm). The manual laminating system of the Chopin Alveograph (Dubat et al. 2008) was used under lubricated conditions to prepare samples. Paraffin oil (η = 0.15 Pa•s) was used as a lubricant.
Measurement methods
Dynamic shear properties
A controlled stress rheometer Carrimed CSL 2 100 (TA Instrument, New Castle, United States) with a cone-plate geometry (4°, 40mm diame ter) setup with a 2mm gap with temperature control (-5 to 99°C) was used for flow and dynamic tests. Using a truncated cone eliminated unwanted phenomena that may occur near the tip of the cone and facilitated its setting. The dough was prevented from drying during the test by use of a solvent trap filled with water and a lid over the cone to create a chamber saturated by water vapor. Equipment control and initial data handling was performed using TA instruments Rheology Solution software version V123u. The shear stress was measured in the shear rate interval of ý=0 -250s
. Dough was placed on the lower plate which then was moved towards to the upper plate until to obtain the setup with a 2 mm gap. The dough was then in contact with the upper plate. The remainder dough around of the upper plate was carefully cut. The sample was then left 5 min before measurement to allow induced stress to relax. The tests were performed at 25°C, 1 rad/s, a deformation of 0.01% and for a given stress interval of 0,5-100 Pa, corresponding to the quasi-linearity domain of the dough (Berland et al., 1995) .
Statistical Analysis
All determinations reported in this study were carried out in triplicates. Mean value and standard deviation were calculated. Analysis of variance (ANOVA) and correlations were also performed. Tukey's (HSD) test at P < 0.05 was used for mean values separation. It was made in order to evaluate differences among samples, while the relationship between measured parameters was assessed by Pearson's test (significant level at p≤0.05).
RESULTS AND DISCUSSION
Formulation process A classic formulation of wheat flour dough mixing and kneading at breadmaking process was used (Fig. 1) .
Glucose oxidase is weighed and used the day of the experiment. In this case the enzyme is in its optimal hydrolysis and activities conditions and avoids its denaturation. The mixtures (flour + glucose) and (water + salt) were weighed the day before the experiment and stored in the refrigerator at 4°C. It is important to have flour +glucose and water+ salt mixtures during the dough formulation process to ensure dough temperature after kneading lower than 25°C. It is therefore essential to use mixtures (flour + glucose) and (water + salt) satisfying the basic rule used in the bakery following:
T p is the test room temperature (18°C). T f is the flour temperature (4°C). T e is the water temperature (4°C) whether T p + T f + T e = 18°C + 4°C + 4°C = 26°C which is a value strictly less to 50°C respecting the basic rule of baking products.
The proportions of ingredients are used to obtain at the end of kneading a dough with 41.3% water, homogeneous, smooth and adhesive appearance related to Lassoued's results (2005) . The addition of glucose oxidase 0.075 wt. % is required for a maximum catalytic activity of the enzyme in the dough (Garcia, 2000) with these ingredients proportions at pH (5.6) and temperature (25°C) during the tests. Figure 2 shows wheat flour kneading time scale and the resulting dough behavior. The scale present four distinct areas depending on the kneaded dough quality: -0 to 5 minutes: lower kneaded dough. Dough is more viscous than elastic; -5 to 5.8 minutes: optimum kneaded dough. Dough has an optimum viscoelastic character; -5.8 to 8.3 minutes: Normal kneaded dough. Dough has a normal character but it is tackiness; -t > 8. Figure 3 shows changes in storage modulus (G') and loss modulus (G') as a function of strain γ 0 (%) for a variable strain γ 0 (%) and frequency (0-1592 Hz) at 25°C. Magnitudes of storage (G') and loss (G'') moduli increased similarly in the dough linear domain between 0.01 and 0.08%. This dyna mic linear domain is necessary to prove the quality of the flour used. It respects the linearity domain described by Berland and Launay (1995) , Ghorbel (1998) and Hoseney and Smewing (1999) with values between 0.0 and 0.2%. Similarly to Van Vlet et al. (1992) who were obtained strain < 0.2%. Magnitudes of G' were higher than those of G'' over most of the strain (%) range. The dough with Gox is more elastic then more structured. This result agrees with increased viscoelastic moduli reported by the literature (Hardeep et Cristina, 2004; Miller and Hoseney, 1999; Vemulapalli and Hoseney, 1998; Hilhorst et al., 1999) . Thus the addition of Gox promotes an increase in dough stability when overmixing. This result agrees with the increased dough viscoelastic behavior reported by Wikström and Eliasson (1998) .
Kneading process
Dynamic viscoelastic behavior (dynamic shear)
The Figure 4 shows dough's storage modulus (G') magnitude during its storage time after kneading for given kneading time. At given kneading time, values of the storage modulus G' of dough with Gox is higher showing Gox structural effects dependency. One minute of mixing has no effect on dough's elastic properties (G') with increased storage time. A minute of kneading is not necessary for the formation of gluten and others proteins films. However the magnitudes of G' increased with increase in storage time with a high given kneading time dependency. Such behaviour is in good agreement with those found for the literature describing that rheological properties of wheat flour dough are largely governed by the contribution of starch, protein and water. Starch, the most abundant component in dough (50-55% wt), is in high enough concentration to form a continuous network of particles which gives rise to viscoelastic behavior. Gluten, the protein phase of flour, also has the ability to form a continuous macromolecular network, provided enough water for hydration exists, and sufficient mechanical energy is supplied during mixing. So all these phenomena required a specific kneading and storage times of dough. The addition of Gox leads to an increase in the elastic (G') and viscous 
CONCLUSION
Whatever the strain mode the viscoelastic level of the wheat flour dough increase its dynamic shear properties. The addition of glucose oxidase to wheat dough produces an important modification on the gluten proteins related with the formation of high molecular weight polymers that reinforced the gluten network. The resulting dough was an optimum viscoelastic character at given interval kneading time of 5 to 5.8 minutes.
